detected at the end of storage on lettuce heads in control treatment (normal air). Contrary to this, final populations on lettuce heads in low O2 treatment were 102-to 105-fold less than those in control treatment. As the final populations were less than 1 x 107 CFU/g, leaves of lettuce heads in low O2 treatment were not spoiled for all storage experiments. Supplementary examinations indicated that low O2 treatment was not effective to suppress bacterial populations on lettuce heads having large populations as about the level of 105 CFU/g or more at the beginning of storage. Hence, the low O2 closed system can be applied exclusively to the leaf lettuce grown in plant factory that can normally assure small populations of bacteria. Adding to this bacterial point of view, cumulative quantity of CO2 showed a reduction in respiration of lettuce head in low O2 treatment.
Introduction
The amount of leafy vegetables produced in the plant production systems, so-called "plant factory", has increased in Japan and it reached to around 550 t/ year in 1997. In this year, plant factories operated In many cases total bacterial numbers bear little or no relationship to product quality or to shelf life2).
Other studies also reported there was very little correlation between bacterial population and product qual- Then about 12 lettuce heads were put Table 1 Mass, cumulative quantity of CO2, ascorbic acid, moisture content and weight loss of leafy lettuce ratory on the next day after harvest.
As the mass of each lettuce head varied depending on the lot obtained, a pair of leaf lettuce heads having nearly the same mass (see Table 1 ) was selected from 12 heads for each experiment after being taken out from polyethylene bags. Lettuce heads were put separately into each airtight container completely closed during the storage to avoid microbial contamination from surroundings as shown in Fig. 1 . The inner volume of the container made of acrylic resin was 14. 5 /. A micro-fan was equipped inside the container and was turned on 30 min. before gas sampling to assure the uniform gas concentration.
The sensor of temperature-humidity recorder was also installed inside the container. The container has both inlet and outlet port with valve through which inner air was replaced with other mixed gas.
One container was filled with normal air as control treatment while the other was filled with low 02 mixed gas (5% 02+95% N2) to examine the effect of low 02 concentration on the quality of leaf lettuce. The 
Ascorbic acid
The ascorbic acid was determined using HPLC (HITACHI L7000). After 3 leaves counting from the outermost leaf were trimmed, the remaining head was used to determine the content of ascorbic acid in
[mg/100 g-fresh matter] . As same as the determination of moisture content, a different lettuce head from that used for storage experiment was used to determine the representative initial content of ascorbic Concentrations of 02 and CO2 in the storage container were measured by gas chromatograph (SHIM-AZU GC-14) . About 1 ml of sample gas was taken from the storage container through a silicone septum using a hermetic gas syringe and then sample gas volume was adjusted precisely to 0. 5 ml before injecting the sample gas to the gas chromatograph. The concentration of 02 was measured at both beginning and end of storage and that of CO2 was measured with almost constant interval during the storage. The cumulative quantity of CO2 evolved from lettuce head during the storage, CO2tota1 in [mgCO2/kg-fresh matter], was calculated from the following equation. evolved from lettuce head (see Table 1 ) and it was In all experiments, the minimum concentration of 02 at the end of storage was 19. 4% and 2. 1% for control and low 02 storage, respectively. Fig. 4 shows the temperature change inside the storage container in the case of Exp. 1-a. As the sample preparation was constant and more than 96%RH over the storage period. The tendency observed here for CO2, temperature and humidity was common to all the experiments.
Factors relating to storage conditions and quality other than bacterial population
Mass, cumulative quantity of CO2, ascorbic acid, moisture content and weight loss of leaf lettuce are shown in Table 1 . As described in the paragraph of sample and experimental design", the difference in mass between lettuce heads used for each experiments was less than 4%. This assured the same growth stage of lettuce.
1 Respiration and discoloration
As shown in Table 1 treatment was significantly greater than that in control treatment due to replacement with dry low 02 mixed gas that accelerated the wilting. This showed the replacement with humidified low 02 mixed gas is good for avoiding excess weight loss.
3 Ascorbic acid
The initial level of the ascorbic acid ranged from 13. 1 to 18. 7 [mg/100 g-fresh matter] . The ascorbic acid of lettuce head decreased in all experiments during storage. The residual ratio of the final to initial content of ascorbic acid is shown in Table 1 . In all experiments, the residual ratio was greater in low 02 treatment than in control treatment. 
Conclusions
Low 02 treatment (5% 02 + 95% N2) was effective to suppress the growth of mesophilic aerobic bacteria on treatment (normal air) were spoiled during the same storage period at the same temperature. This suppression effect of low 02 treatment on bacterial population can be expected only for lettuce heads with small initial populations of mesophilic aerobic bacteria.
From these results, the low 02 closed system at ambient temperature appeared to be applicable exclusively to leaf lettuce produced in plant factory that normally assure the cleanness which means the small population of bacteria. Low 02 treatment showed also the reduction in respiration as well as decomposition of ascorbic acid and discoloration but not in weight loss. 
